This study was to assess the effect of powdered activated carbon (PAC) pre-adsorption time on ultrafiltration performance for surface water treatment. Experimental results demonstrated that membrane fouling could be mitigated by extending the pre-adsorption time. The molecular weight (MW) distribution of water samples was determined by liquid chromatography -organic carbon detector (LC-OCD) and results showed that the mechanism of PAC controlling fouling was attributed to a decrease in the low molecular weight (LMW) fraction of raw water via extending the preadsorption time. Fouling indexes (FIs) were used to evaluate membrane fouling potential and the results showed that polysaccharides (PS) and proteins (PN) were greatly responsible for membrane fouling. Therefore, prolonging the PAC pre-adsorption time and decreasing the PS and PN content in raw water are the main measurement for the alleviation of membrane fouling when PAC is used as the pretreatment in waterworks.
commercially available wood-based carbon, supplied by Yuanli Active Carbon Co., Ltd, China, was used in this study, whose average Brunauer-Emmett-Teller (BET) specific area and mean particle size was 0.549 m 2 /g, 26.6 μm, respectively.
UF experimental
A polyvinylidene fluoride (PVDF) hollow-fiber UF membrane was used in this research, which was obtained from Toray. The surface area and nominal pore size were 0.016 m 2 and 0.01 μm respectively. PAC was directly added into the raw water (30 mg/L) and stirred at 0/1/4/ 7d, followed by a static settling period of about 1 hour, and the supernatant was fed into the feed tank. The feed water was then pumped by peristaltic pump into the UF process. A constant permeate flux of 100 L/square meter/hour (LMH) was applied. Five successive cycles were carried out with cyclic backwash. The process operated in the following way: filling water (2 min), filtering (56 min), rinsing and back wash (2 min). Then the process repeats. At the end of the UF filtration process, chemical cleaning of the fouled membrane was conducted using an acid solution (HCl, 0.1wt. %) and an oxidant solution (NaClO, 0.2wt. %), respectively. The cleaning process was finished when the flux was recovered. 
Fouling indexes

RESULTS AND DISCUSSION
UF performance
Variations of TMP and specific flux during pre-adsorption/ sedimentation followed by UF process for the Sanhaowu water treatment cycles are depicted in Figure 1 .
It can be seen in Figure 1 It seemed that as the pre-adsorption time increased, the specific flux decrease slowed slightly. Obviously, the mean specific flux decreases for raw water and 7d
pre-adsorbed water were 37.8% and 27.6% respectively.
The specific flux decline of each test was probably due to the fast pore blocking and particle deposition (Said et al. Table 2 .
Basically, the value of TFI increased as the cycle proceeded, indicating that the rate of fouling speeded up as the filtration cycles continued, presumably due to irreversible foulants accumulating on/inside the membrane. The fouling rate observed with 7d water was much lower than the fouling rate observed with the raw water. It was worth noting that when the feed water was pro-adsorption for enough time, the TFI and HIFI of the raw water were twice as high compared to the 7d adsorption water, demonstrating that PAC adsorption could reduce both the total fouling and hydraulically-irreversible fouling. The UV254 also exhibited a similar trend to that of DOC. Based on the above analysis, MW distribution of raw water was separated by peak-fitting into two peaks (color curves in Figure 3 ). Then quantitative information of isolated peaks could be calculated according to the peakfitting. As Table 3 
Water characteristics
Correlation between FIs and water qualities
CONCLUSION
Based on the analysis of pre-adsorption time on UF of surface water, the following conclusions may be drawn.
(1) Pre-adsorption enhanced the removal of NOM in raw water. Membrane fouling could be reduced by extending the pre-adsorption time.
(2) The results of LC-OCD suggested that the mechanism of PAC controlling fouling was attributed to a decrease in the LMW fraction of raw water via extending the preadsorption time. 
